elements with special requirements of soil pH, which is mainly caused by the difference of aciditybasicity, ion complexation and exchange capacity of different extractants (Sparks 1996) . In addition, these conventional methods are inefficient as they consume more labour force and reagents for analysing multiple elements of a great number of samples (Alva et al. 1990 ).
At present, the ammonium bicarbonate-diethylenetriaminepentaacetic acid (AB-DTPA) (Soltanpour and Schwab 1977) and Mehlich 3 (Mehlich 1984 ) are attractive to soil testing laboratories, since these methods can extract multiple elements (macro-and micronutrients) simultaneously and greatly improve extraction efficiency (Takrattanasaran et al. 2010) . Elrashidi et al. (2003) found that both Mehlich 3 and AB-DTPA were closely related to the conventional methods for extractable P and K. Moreover, Pradhan et al. (2015) compared the results with different methods for extractable Zn and Cu in acid soils from agroecological areas of India. They found that the results of Mehlich 3 and AB-DTPA were strongly correlated to the results of CaCl 2 -DTPA. Although there are studies giving the results of comparison between the Mehlich 3 or AB-DTPA and the conventional methods for the measurement of amounts of potentially available nutrients (Takrattanasaran et al. 2010) , those studies are mostly limited to potentially available P, K and a limited number of micronutrients. Additionally, these works were done only with soil samples in certain regions, except the grassland in China. Moreover, there is still a lack of studies about providing the results of comparison and correlation analysis between Mehlich 3 or AB-DTPA and four conventional methods (Olsen, Bray 1, 1 mol/L NH 4 OAc, CaCl 2 -DTPA) for determining multi-elements in soils.
Determination of potentially available nutrients in grassland soils of China is still based on inefficient conventional methods (i.e. for potentially available P it is the Bray 1 method (NY/T 1121 (NY/T .7-2014 (NY/T , 2014 ; for potentially available K it is NH 4 OAc (NY/T 889-2004 (NY/T 889- , 2004 ; for potentially available metal elements it is CaCl 2 -DTPA (NY/T 2004) ; see the details of methods in Table 2 ). However, Mehlich 3 and AB-DTPA are widely used in Europe and the United States for the determination of potentially available nutrients (Zbíral 2016) . To obtain a simple and efficient method of soil potentially available nutrients analysis for grassland management, this study selected 25 soils in different grassland types in China to measure 
MATERIAL AND METHODS
Soil properties. Soil samples were taken from 5 investigated areas in China covering 5 different grassland types. Details of sampling locations are listed in Table 1 . In each area, 5 soil samples from the surface layer (0-10 cm) were collected. These soil samples were distinct in physical and chemical properties including 10 acidic, 5 neutral and 10 alkaline soils. In addition, all samples were saved after full air-drying, mixing and passing 2-mm sieves.
Experiment procedure. To assess Mehlich 3 and AB-DTPA, seven elements (P, K, Mg, Cu, Fe, Mn and Zn) were investigated. These elements were divided into three categories: potentially available P, exchangeable K and potentially available metal elements (Mg, Cu, Fe, Mn and Zn). For these three categories, different conventional methods (Bray 1/ Olsen (NY/T 1121.7-2014) for potentially available P, NH 4 OAc (NY/T 889-2004) for potentially available K, CaCl 2 -DTPA (NY/T 890-2004) for potentially available metal elements) were employed to investigate the correlation between Mehlich 3 or AB-DTPA and these methods (Table 2) .
Statistical analysis. All statistical tests were run using the SPSS (v. 22.0, Chicago, USA). A one-way analysis of variance (ANOVA) was conducted for the amounts of potentially available nutrients and the post-hoc Tukey´s tests were used for the comparison of differences among methods for the same element. The effects of soil pH, methods and their interaction on soil potentially available nutrients data were analysed with two-way ANOVA. Simple linear regression was conducted to compare the results between Mehlich 3 or AB-DTPA and conventional methods and to estimate their substitutability. 
RESULTS AND DISCUSSION
Soil potentially available phosphorus. The amounts of soil potentially available P in the same soil type showed greatly significant differences between different methods (Table 3 ) and had an interaction between soil pH value and extraction method ( Table 10 ). The range and mean of soil potentially available P were also given in Table 3 . The mean of extracted P by Mehlich 3 was 1.4 times higher than that extracted by Bray 1/Olsen. However, the mean of extracted P by AB-DTPA only accounted for 60% of that extracted by Bray 1/Olsen. In acid soil, hydrogen and F -are the main ions used by Mehlich 3 and Bray 1 to dissolve phosphate rock in soil. However, Bray 1 does not contain ethylenediamine tetraacetic acid (EDTA) which exists in Mehlich 3 and has a very strong ability to displace phosphate from soil solid. However, both AB-DTPA and Olsen remove soil P with HCO 3 -ion and principally from Ca-phosphates (Olsen and Sommers 1882). In addition, hydrogen and F -ions are stronger than HCO 3 -ion in dissolving phosphate rock (Elrashidi et al. 2003 ) and the chelating agent diethylenetriaminepentaacetic acid (DTPA) contained in AB-DTPA causes interference in the colorimetric determination of P (Reed and Martens 1996) . These differences demonstrated that the amounts of extracted P followed the order: Mehlich 3 > Bray 1/Olsen > AB-DTPA.
A positively significant correlation was obtained between the amounts of P extracted by Mehlich 3 or AB-DTPA and those extracted by Bray 1/Olsen (Table 4 ). The results suggested that both Mehlich 3 and AB-DTPA can be considered as appropriate P extractants for soil investigations.
Soil potentially available potassium. The amounts of soil potentially available K in the same soil type showed greatly significant differences between different methods (Table 5 ) and had an interaction between soil pH value and extraction method (Table 10 ). The range and mean of soil potentially available K were also given in Table 5 . The amounts of ex- Elrashidi et al. (2003) . A positively significant correlation was obtained between the amounts of K extracted by Mehlich 3 or AB-DTPA and those extracted by NH 4 OAc ( Table 6 ). The regression model could be showed by the following equation: Mehlich 3-K = 1.041 (NH 4 OAc-K) + 16.96 (r = 0.985, P ≤ 0.01) and AB-DTPA-K = 0.604 (NH 4 OAc-K) + 26.04 (r = 0.962, P ≤ 0.01). The results suggested that both Mehlich 3 and AB-DTPA can be considered as an appropriate K extractant for soil investigations.
Soil potentially available metal elements. The amounts of soil potentially available metal elements in the same soil type showed greatly significant differences between different methods (Table 7) and had an interaction between soil pH value and extraction method (Table 10 ). The range and mean of soil potentially available metal elements were given in Table 8 . In general, with the exception of Cu, the amounts of extracted Mg, Fe, Mn and Zn followed the order: Mehlich 3 > AB-DTPA > CaCl 2 -DTPA, which can probably be due to the existence of the chelating agent EDTA and acid (CH 3 COOH and HNO 3 ) in Mehlich 3 can chelate and dissolve most of the metal minerals containing Table 9 . Mg 2+ , Fe 3+ , Mn 2+ and Zn 2+ . Moreover, the AB-DTPA has a higher extraction capacity than the CaCl 2 -DTPA, which can probably be due to the elution ability of HCO 3 -contained in AB-DTPA to the metal cation which is stronger in original soil structure than the elution ability of Ca 2+ contained in CaCl 2 -DTPA. However, with respect to Cu, the extraction amounts followed the order: AB-DTPA > Mehlich 3 > CaCl 2 -DTPA. The different Cu extraction ability may be caused by the participation of NH 4 + in the chelating reaction of Cu 2+ and the concentration of NH 4 + in AB-DTPA is higher than the concentration of NH 4 + in Mehlich 3. Besides, the ability of chelating agent DTPA in AB-DTPA to chelate Cu 2+ is stronger than that EDTA in Mehlich 3. Nevertheless, the extraction ability of Mehlich 3 is stronger than CaCl 2 -DTPA, which can probably be due to the CaCl 2 -DTPA that only uses DTPA to chelate Cu 2+ , whereas Mehlich 3 uses the chelating agents EDTA, NH 4 + and acid (CH 3 COOH and HNO 3 ) to chelate Cu 2+ and dissolve metal minerals containing Cu 2+ .
With the exception of Mg and Mn, a positively significant correlation was obtained between the amounts of metal elements extracted by Mehlich 3 or AB-DTPA and those extracted by CaCl 2 -DTPA (Table 9 ). However, with respect to Mg and Mn, a poor correlation was obtained between Mehlich 3 and CaCl 2 -DTPA, which may be caused by soil pH. Especially in alkaline soils, Mg 2+ and Mn 2+ cannot be completely displaced because of the existence of insoluble MgCO 3 and Mn(OH) 2 . However, H + in Mehlich 3 can dissolve a part of MgCO 3 and Mn(OH) 2 , making its measurement results much higher than the results of CaCl 2 -DTPA and thus affecting the correlation between them (Bao 2000) . These results suggested that both Mehlich 3 and AB-DTPA can be considered as an appropriate metal elements extraction. However, AB-DTPA will be more accurate than Mehlich 3 if there is need to measure the amounts of potentially available Mg and Mn in grassland soils.
It is efficient to use the multi-elemental methods (e.g. Mehlich 3 and AB-DTPA method) to estimate the pool of potentially available nutrients in soil, especially because of cost saving in agricultural practice. However, it is still widely suggested to determine soil potentially available nutrients based on other inefficient methods in China (i.e. Olsen, Agriculture Industry Standard of China). To verify whether Mehlich 3 and AB-DTPA methods can be widely used for Chinese grassland management, this study was conducted and the results showed there was a positively significant correlation between the amounts of potentially available nutrients extracted by the conventional methods and those extracted by Mehlich 3 or AB-DTPA, which suggested both Mehlich 3 and AB-DTPA can be effectively used to measure the nutrients availability in grassland soils instead of the inefficient methods.
